rolled. 11 Therefore, the applicability of these trials to octogenarian patients remains unknown. While additional data on the long-term outcomes of SAH in octogenarians would inform treatment decisions and augment prognostication, it is unlikely that future randomized trials will include very elderly adults. Moreover, few single-institution studies accrue a sufficient population to provide an appropriately powered analysis of outcomes among octogenarians. Therefore, large national data sets are of particular importance and provide a niche in examining the outcomes of this patient population.
The Centers for Medicare & Medicaid Services (CMS) Fee-for-Service Part A inpatient claims files include data on the hospitalization of all Americans aged at least 65 years. Additionally, the Minimum Data Set accrues detailed assessments of all nursing home residents in the United States. Linking these two data sets provides a unique perspective on the long-term survival and institutional care use of older adults in the United States. Previous analyses have identified time at home and free of institutional care as important patient-centered outcomes among stroke patients. 5, 16, 24 Therefore, the goal of this analysis was to 1) evaluate the disposition (living at home vs institutional settings) of octogenarians at up to 2 years after SAH; and 2) analyze the predictors of long-term survival and return to home up to 1 year after SAH. As prior studies have shown that the severity of the initial hemorrhage is the strongest predictor of a poor short-term outcome in older patients with SAH, 12 it was hypothesized that patient comorbidities and severity of SAH-but not treatment modality used for aneurysm repair-would be the primary predictors of long-term outcomes.
Methods

Data Source and Inclusion Criteria
Data were extracted from the 100% Fee-for-Service Medicare claims denominator file and the corresponding Part A Inpatient Standard Analytical Files from January 1, 2008, to December 31, 2011; the last year of inclusion was 2011 to allow for 2-year follow-up of the entire patient population. Patients were included if they 1) had an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis code of subarachnoid hemorrhage (430); 2) underwent cerebral aneurysm repair by either microsurgical clipping (39.51) or endovascular embolization (39.72, 39.75, 39.76, 39.79) during the same hospitalization; and 3) were at least 80 years old on the day of admission. Patients were excluded with a diagnosis code indicating a congenital cerebrovascular malformation (747.81, often used to indicate arteriovenous malformations), cerebral arteritis (437.4), or moyamoya disease (437.5) or a procedure code for treatment of an arteriovenous malformation surgically (39.53) or via stereotactic radiosurgery (923.x). Moreover, those who underwent both clipping and coiling during the same hospitalization (n = 14) were excluded, to allow for dichotomous analysis of treatment modality.
Thereafter, to determine long-term survival and institutional care utilization, patients from the Medicare Part A files were linked to the Minimum Data Set and the CMS vital status file using their Medicare health insurance claim number, Social Security number, sex, and date of birth. The vital status file provides data on the date of death and the Minimum Data Set on nursing home utilization. Detailed methods for creating this per-person longitudinal record of healthcare utilization have been described previously. 7 Analysis was covered by a data use agreement with CMS, and IRB approval was waived by the Brown University IRB.
Independent Variables
Patient age (analyzed continuously), sex, race or ethnicity (non-Hispanic Caucasian, African American, Hispanic and Asian, other, or not recorded), and socioeconomic status (evaluated by quartile of income in the patient's Zone Improvement Plan [ZIP] code of residence) were extracted. Comorbidities were assessed as the total number of comorbidities documented using the Elixhauser score (range 0-28, with higher scores indicating greater comorbidity). 3 A Nationwide Inpatient Sample (NIS) SAH Severity Score (NIS-SSS) 22 was calculated for each patient and utilized to adjust for the severity of presentation with SAH. The validated NIS-SSS ranges from 0 to 15, with higher scores indicating greater severity for use with administrative claims databases, and prior publications have shown that higher score has a strong concordance with greater Hunt-Hess grade. 22 The scale is constructed using the ICD-9-CM diagnosis codes for coma, hydrocephalus, hemiparesis, aphasia, and cranial nerve deficits, and procedure codes for cerebrospinal fluid diversion procedures (ventriculostomy and ventricular shunt placement) and mechanical ventilation. Prior studies have shown that the mean NIS-SSS of patients with Hunt and Hess grade 3 was 4, the mean NIS-SSS of those with Hunt and Hess grade 4 was 7.5, and the mean NIS-SSS of those with Hunt and Hess grade 5 was 9. 22 The treatment modality used for aneurysm obliteration (microsurgical clipping or endovascular embolization), placement of a tracheostomy (311, 312.1, 312.9) and gastrostomy or jejunostomy (431.1, 431.9, 463.2) during the SAH hospitalization, and the length of stay of the SAH hospitalization were analyzed. Finally, any prior hospitalization in the year before the index admission for SAH was extracted from Medicare Part A claims.
Outcomes
The primary outcome for the analysis was the disposition of patients at 30, 60, 365, and 730 days after admission for SAH. Disposition was defined as the proportion of patients in the following categories: 1) death or hospice enrollment, 2) inpatient acute care hospital, 3) institutional care (inclusive of all rehabilitation and skilled nursing facilities), and 4) returned home. The time points were chosen to provide a description of both short-and long-term outcomes. For multivariable regression, short-and longterm outcomes were modeled at 60 and 365 days, with the dependent variable dichotomized as either 1) death, hospice, or institutionalization or 2) return home. Cox modeling of survival was limited to 365 days after index SAH.
Sensitivity Analysis
A sensitivity analysis was performed to further evaluate the severity adjustment estimated by the NIS-SSS. This was performed using the individual components of the NIS-SSS (rather than the composite score) as covariates in regression models.
Statistical Analysis
Statistical analyses were conducted in STATA 13 (StataCorp) and SAS 9.3 (SAS Institute). Descriptive statistics were performed. Thereafter, multivariable models were constructed: due to their clinical relevance, all potential predictors evaluated were included in models as covariates. Furthermore, interaction terms accounting for the treatment modality used for aneurysm repair and NIS-SSS dichotomized as poor grade (NIS-SSS > 7) or good grade. Cox proportional hazards models were used to analyze survival (after accounting for time to death), while logistic regression assessed the dichotomous outcome of return to home; both models were constructed at the 3 selected time points (30, 60, 365 days) after SAH admission. Patients who died during the SAH hospitalization were not included in the risk set for the Cox proportional hazards models, and therefore only post-hospitalization survival was analyzed in these models. Concordance statistics (c-statistics) were used to evaluate model discriminatory capacity. A probability value less than 0.05 was deemed statistically significant.
Results
Demographics of the Study Population
A total of 1298 patients with SAH who were aged at least 80 years were evaluated, in whom 77.8% (n = 1010) underwent coil embolization. Among the total cohort, 77.1% were good grade (NIS-SSS < 7), and 22.9% were poor grade (NIS-SSS ≥ 7). The demographics of the study population are depicted and stratified by the treatment modality used for aneurysm repair in Table 1 . The most common comorbidities from the Elixhauser index were hypertension (47.4%), fluid and electrolyte disorders (45.6%), weight loss (13.6%), congestive heart failure (11.0%), diabetes mellitus (10.4%), deficient anemia (9.4%), hypothyroidism (9.0%), and chronic pulmonary disease (8.6%). The proportion of patients with cerebrospinal fluid diversion procedures (included in the NIS-SSS) was 38.7% for ventriculostomy, and 16.8% with ventricular shunt placement.
Short-Term and Long-Term Disposition
At 30 days after SAH, 32.7% of the cohort had died or were in hospice care, 28.3% remained hospitalized, 21.1% were in institutional care, and 16.7% had returned home. (353) 24 (238) 24 (242) 26 (261) 27 (269) 26 (74) 26 (77) 19 (58) LOS = length of stay; NIS-SSS = Nationwide Inpatient Sample SAH Severity Score; SAH = subarachnoid hemorrhage; -= data suppressed in accordance with CMS cell size suppression policy. All data are presented as percentages rounded to the nearest whole number, with the exception of patient age, number of comorbidities, NIS-SSS, and length of stay.
Column percentages may not add to 100 due to rounding. Boldface type indicates statistically significant differences in bivariate analyses.
The 60-, 365-, and 730-day disposition of patients is presented in Table 2 for the total study population as well as the population stratified by both the treatment modality used for aneurysm treatment and SAH severity. Institutional care of octogenarian patients at 1 and 2 years after SAH was rare. This is illustrated by Fig. 1 , displaying primary outcomes of patient death/hospice care, return to home, or institutional care (i.e., inpatient acute hospital, Figure 2 displays Kaplan-Meier time-to-event curves comparing time to return home between patients treated with microsurgical clipping and those treated with endovascular coiling. Time to return home was significantly less for the endovascular coiling group than for the microsurgical clipping group (p < 0.0001). Among patients institutionalized 60 days after SAH, the long-term disposition was specifically evaluated, to analyze how many of these patients ultimately returned home. At 365 days after SAH, 36.6% had died or were in hospice, 43.3% had returned home, 19.3% remained in institutional care, and 1.0% were inpatients. At 730 days after hemorrhage, 46.1% had died or were in hospice, 40.0% had returned home, 13.5% were institutionalized, and 0.5% were inpatients.
Survival Analysis
Multivariable Cox proportional hazards models evaluated the predictors of mortality 365 days after admission for SAH (Table 3) . Older patient age, male sex, tracheostomy placement, and gastrostomy placement during the SAH hospitalization were associated with significantly greater hazard of mortality at 1 year after SAH. A sen-
FIG. 2.
Kaplan-Meier time-to-event curves comparing microsurgical clipping and endovascular coiling. The entire cohort was hospitalized at the time of aneurysm treatment. Mortality and institutional care at any location other than home (acute hospital, rehabilitation, nursing home/skilled nursing facility) were combined for the analysis. Time to return home was significantly less for the endovascular coiling group than for the microsurgical clipping group (p < 0.0001). sitivity analysis used the components of the NIS-SSS as individual covariates, which showed similar statistical associations with the primary analysis (data not shown), and none of the individual components of the score were significantly associated with survival.
Return to Home
Cox proportional hazards modeling identified microsurgical clipping, male sex, greater severity, tracheostomy, gastrostomy, and longer length of stay to be associated with reduced likelihood of returning home by 365 days after SAH (Table 4) . Multivariable logistic regression models evaluated the predictors of return to home at 60 and 365 days after admission for SAH ( Table 5) . The final models included interaction terms for treatment modality used for aneurysm repair and NIS-SSS. The same associations are provided without interaction terms in Table 6 . Microsurgical clipping was associated with reduced odds of return to home among patients with good-grade SAH, but treatment modality used for aneurysm repair was not significantly associated with disposition among patients with poor-grade SAH. In addition, older patient age, tracheostomy, and shorter SAH hospitalization were associated with reduced odds of return to home at 60 and 365 days after SAH with moderate discriminatory capacity (cstatistic: 0.75 and 0.69, respectively).
A sensitivity analysis using the individual components of the NIS-SSS as covariates, rather than the composite score, revealed similar associations for the primary analysis among covariates (data not shown). 
Discussion
This nationwide study demonstrates a low rate of chronic institutionalization and a high rate of mortality among octogenarians after SAH. Although a substantial proportion of patients were institutionalized or died during the early post-acute care period, long-term trends reveal most patients ultimately return home or die within the first 2 years after SAH. Stratified by treatment modality, the independent variables of greater age, male sex, SAH severity, tracheostomy, and gastrostomy were all associated with lower odds of survival and returning home. Coil embolization was a predictor of returning home, suggesting a benefit to endovascular treatment in this nonrandomized analysis of this patient population.
This study enhances understanding where few previous studies have specifically examined the outcomes of SAH treatment for very elderly patients. Some authors have reported comparatively favorable outcomes among this patient population. Horiuchi et al. reported a 54.1% rate of good short-term outcome (as measured by the Glasgow Outcome Scale); predictors of a poor outcome in their study were greater SAH grade and anterior cerebral artery location, but not patient age. 6 Likewise, others have observed high rates of good outcomes among octogenarians treated endovascularly. 17, 23 However, not all authors argue that very elderly patients with SAH should be offered treatment. In 2011, Koffijberg et al. proposed a Markov model of the cost-effectiveness of aneurysm treatment in elderly patients and argued that beyond 80 years of age, the balance of risk and benefit did not favor aneurysm occlusion. 9 Others have found low rates of survival and favor caution in pursuing surgical treatment. 4, 14, 18 Prior analysis of the Nationwide Inpatient Sample has shown that very elderly adults are increasingly being treated with endovascular embolization in the United States, 1 and in this setting additional data evaluating the long-term outcomes of octogenarians are needed.
Our study is unique in its use of 100% Medicare Part A inpatient files linked to the Minimum Data Set, which provides a nationally representative examination of longterm disposition and survival of octogenarians treated for aneurysmal SAH. There is a substantial increase (17%) in mortality between 30 days and 1 year in this patient population, highlighting the fact that many deaths occur posthospitalization. However, among survivors of SAH, only a small minority remained institutionalized in the long term-6.7% at 1 year and 4.1% at 2 years after SAH. Moreover, 36.7% of patients had returned to home at 1 year and 34.1% at 2 years, emphasizing that good outcomes in this patient population are possible, albeit in appropriately selected patients. While return to home is not as granular an assessment of independence compared with ordinal scales of neurological outcome (such as the Glasgow Outcome Scale), it indicates a level of functional independence that does not require the patient to depend on institutional care. Additionally, return to home is an important clinical endpoint of interest to patients and their families when determining the aggressiveness of care to pursue. 5, 16, 24 To identify predictors of long-term survival and return to home, Cox models and multivariable regression models were constructed. Older patient age, male sex, tracheostomy placement, and gastrostomy placement were independently associated with reduced survival at 1 and 2 years after SAH. Tracheostomy and gastrostomy may be proxies for neurological function toward the end of the SAH hospitalization, and the NIS-SSS outcome measure, based on mortality, discharge to institutional care, and tracheostomy or gastrostomy placement, has been shown to have excellent concordance with the modified Rankin Scale in the SAH population. 22 Additionally, older patient age, higher NIS-SSS (worse SAH grade), the use of microsurgical clipping, and tracheostomy were independently associated with reduced odds of return to home 1 year after SAH.
Clinical decision making for treating octogenarians with SAH presents several unique considerations. While some studies have suggested that older patients with SAH have a lower incidence of symptomatic delayed cerebral ischemia, 21 several authors have emphasized that older patients sustain inferior long-term outcomes compared with younger patients. 8, 12, 19, 20 Our findings of SAH clinical grade as an important independent predictor of octogenarians' ability to return home add an important perspective in interpreting previous work.
Limitations to this analysis include: 1) Clinical data are encoded in the Minimum Data Set using ICD-9-CM identifiers. While severity adjustment was estimated using the NIS-SSS-which has been externally validated against Hunt and Hess grade-several other noteworthy clinical features in patients with aneurysmal SAH, including WFNS (World Federation of Neurosurgical Societies) score, Fisher grade, aneurysm location or size, and delayed cerebral ischemia, were not available due to the lack of corresponding ICD-9-CM identifiers. 2) Aneurysm size, location, and other characteristics were not available in the data set. If less complicated aneurysms are more frequently selected for endovascular approach, accounting for these factors may reduce the strength of the reported associations between aneurysm treatment and mortality or return to home. 3) Although return to home was analyzed as the primary proxy for a good outcome, the neurological status of such patients, including the modified Rankin Scale or the Glasgow Outcome Scale score, could not be analyzed with the study design. 4) The ICD-9-CM code for SAH does not specify the etiology as aneurysmal or nonaneurysmal, and patients with aneurysmal SAH treated conservatively could not be evaluated.
Conclusions
This nationally representative analysis of long-term survival and outcomes of very elderly adults with SAH can inform prognostication and may inform treatment decisions. Although rates of long-term institutional care dependence among survivors are low, the high mortality rates emphasize the importance of appropriate patient selection for aneurysm repair. While the treatment modality used for aneurysm occlusion was not associated with survival, endovascular coil embolization was associated with greater odds of return to home at 1 and 2 years after treatment among patients with good-grade SAH. Nevertheless, treatment modality did not significantly impact the outcomes of patients with poor-grade SAH. Although this analysis did not control for aneurysm architecture and location, our results favor endovascular treatment when otherwise clinically appropriate for octogenarian patients with goodgrade SAH. The decisions for managing poor-grade SAH should be based upon a comprehensive discussion between the patient's family members and clinicians, considering the low probability of long-term survival and return to home.
